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Abstract
Context: Empirical Software Engineering (ESE) replication researchers need to store and manipulate experimental data for several purposes, in particular analysis and reporting. Current research needs call for sharing and preservation of experimental data as well. In a previous work, we analyzed Replication Data Management (RDM) needs. A novel concept, called Experimental Ecosystem, was proposed to solve current deficiencies in RDM approaches. The empirical ecosystem provides replication researchers with a common framework that integrates transparently local heterogeneous data sources. A typical situation where the Empirical Ecosystem is applicable, is when several members of a research group, or several research groups collaborating together, need to share and access each other experimental results. However, to be able to apply the Empirical Ecosystem concept and deliver all promised benefits, it is necessary to analyze the software architectures and tools that can properly support it.
Goal: Identify the most appropriate technologies for the implementation of the Empirical Ecosystem concept.
Method: For the purpose of technology identification, four features are particularly relevant: Volume of data, architecture, data semantics and manipulation facilities. Those features were surveyed in repositories and data sharing and preservation tools used in the sciences by means of a systematic literature review.
Results: 17 sharing and preservation tools reported in the literature were identified. The fields of Genomics and Proteomics, and secondarily Biology, stand out. Given the importance of those disciplines in today's science and economy, it would not be surprising that many other proprietary tools would have gone unnoticed. Regarding repositories, there are hundreds available (either publicly or restricted access) in the Internet. Typically, they aim at benchmarking, or reanalysis and synthesis of existing empirical studies. Most repositoPermission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. ESEM'14, September 18-19, 2014, Torino, Italy. Copyright 2014 ACM 978-1-4503-2774-9/14/09...$15.00 ries (both in number and importance) belong to the "hard sciences" (e.g. biology, physics, etc.), but virtually every research area is represented, including ESE.
Most tools and repositories use relational databases for data storage, with very little exceptions. When the amount of stored data is very high (e.g. Genomics), relational databases are being substituted by big data management infrastructures such as Apache TM Hadoop . Relational databases are also used when data are distributed. Global conceptual models guarantee the interoperability among different data sources. When data are heterogeneous, the situation is more complex. Standard conceptual schemas may not be useful, because the semantics of the local data do not necessarily agree the meaning assigned to the global schema. Likewise, large parts of the conceptual schema may not be applicable to local data sources, and the links among local models may not be easily defined. The current trend is abandoning classical conceptual schemas (e.g. entity-relationship) and standardize the vocabulary of the domain using ontologies.
Manipulation facilities are almost invariably offered using web portals. In some cases, repositories provide web services to give access to data for e-science purposes.
Conclusions: The review of the technologies used for the implementation of repositories and sharing and preservation tools in the sciences shows that common, well-known technologies (particularly, relational databases) can be used for the implementation of the Empirical Ecosystem concept. The only exception is the semantic integration of local models. Instead of comprehensive, global conceptual schemas, ontologies are being increasingly used for semantic integration.
